The ecosystem processes in the caatinga, such as litter dynamic, are threatened and little is known about it in these environments. The litter processes can be used as indicators of degradation or recovery of an ecosystem because these processes react to changes in the ecosystems. The litterfall deposition was collected monthly over 23 months in collectors of 1.0 m 2 . The litter accumulation on soil was collected monthly over 23 months in frames of 0.25 m 2 . The coefficient of decomposition (K) was estimated by the relation between annual litter production and litter stock in the soil surface. Annual litterfall production increased with stand age. Total annual litter production in different age stands varies from 1.37 Mg ha -1 in the 15 years to 2.37 Mg ha -1 in the 50 years stand. K and renewal times were also significantly different among the sites. K was higher in 50 years, followed by 30 years and 15 years. There were a higher litter production and accumulation in the older stands. The older stands presented faster litter decomposition and renew, which evidences a better utilization of litter in the nutrient cycling process and the incorporation of organic matter into the soil. These results show that litter processes are effective indicators of the stage of degradation in a caatinga ecosystem.
Introduction
Over the last few centuries, the caatinga ecosystems are being degraded by human activities. The original vegetation covered close to 1.0 million hectares and nowadays only about 40% still remain as native vegetation (Gariglio et al., 2009 ). However, the most part of this remnant is explored for the wood extraction, pasture for breeding cattle, goats, and sheep or in the itinerant agriculture.
The ecosystem processes in the caatinga are threatened and little is known about it in these environments. The nutrients cycling is one of the ecosystem process more sensitive to these disturbances. The nutrients cycling is one of the determining functions for regulating the functioning and development of ecosystems (Santana & Souto, 2011) .
Most of the process of return of the mineral elements to the forest soil occurs through the production, accumulation, decomposition and release of the nutrients of the litter (Andrade et al., 2008) . The litter layer is composed by vegetal origin tissues such as leaves, branches, seeds, fruits, flowers and animal origin, such as carcasses and excretas, in several decomposition states that accumulate on the soil serving as source of energy and nutrients for decomposing organisms.
The litterfall production and accumulation can be influenced by several abiotic and biotic factors, such as vegetation type, altitude, precipitation, temperature, lightness regimes, water stress, soil type, soil biota, vegetation structure and composition (Holanda et al., 2017) . The environmental physical and chemical conditions, the heterotrophic activity of the decomposers and the quality and quantity of the organic residues Figure 1 ).
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At the study area, sites were surrounded at different times to prevent the entry of cattle and goats and allow for the natural regeneration of the vegetation. Based on these regeneration times of the vegetation in the place, three different stands with dimensions of 6,600 m² were selected to this study including a newly fenced area, a 15 years of regeneration area, a 30 years of regeneration area and an area with more than 50 years of regeneration.
The stand with 15 years of regeneration has about 15 years of fallow. This plot is characterized by the presence of fast-growing species mainly Croton blanchetianus Baill (marmeleiro), Cnidosculus quercifolius Pohl (favela), Poincianella pyramidalis (Tul.) L. P. Queiroz (catingueira), Mimosa tenuiflora (jurema preta), Aspidosderma pyrifolium Mart. (pereiro) and Combretum leprosum Mart. (mofumbo) (Alencar, 2014) . These species develops after the clear cutting of vegetation in most part of Seridó region in Brazil north east.
The stand with 30 years of regeneration presents 30 years of fallow. This vegetation is predominantly composed of shrub-tree species of medium and small size, with clearings occupied by herbaceous species. Dominant overstory tree species include Croton blanchetianus Baill (marmeleiro), Cnidosculus quercifolius Pohl (favela), Poincianella pyramidalis (Tul.) L. P. Queiroz (catingueira) and Luetzelburgia auriculata (Allemão) Ducke (pau pedra). Common understory herbs include Diodella teres and Cyperus odorathus (Alencar, 2014) .
The 50 years of regeneration stand has a vegetation more advanced stage constituting a higher floristic diversity and significant volume of wood trees. It presents a relatively uniform canopy with most of the crowns touching, shading the soil with consequent diminution of the herbaceous stratum. Dominant overstory tree species include Croton blanchetianus Baill (marmeleiro), Cnidosculus quercifolius Pohl (favela), Jatropha molissima (Pohl) Baill. (pinhão-bravo), Poincianella pyramidalis (Tul.) L.P. Queiroz (catingueira), Mimosa tenuiflora (Willd.) Poir. (jurema preta) and Bauhinia cheilantha (Bong.) Steud. (mororó) (Alencar, 2014) .
Litterfall Production
For each selected stand, we established three 1000 m² plots, within which all measurements were obtained. In each plot, eight litter traps were randomly placed on August/2010. A total of 24 litter traps were placed in each stand, totalizing 72 litter traps (8 litter traps × 3 plots × 3 stands).
All litter traps were made of collector made from iron bars and nylon mesh netting (1 mm 2 ) and set about 25 cm above ground level. All the litterfall in each trap was emptied monthly over a period of 23 months, from September 2010 to July 2012. All litter from each trap was separated monthly into four different fractions: leaves, branches/twigs, reproductive structures (flowers, fruits and seeds) and others (which included plant and animal remains and unrecognizable fragments).
In the laboratory, the materials were packed in paper bags and submitted to forced circulation at 65 °C for 72 h. Each fraction was weighed separately on a 0.01 g high precision digital scale to determine its contribution to total litterfall. The total production was obtained through the sum of the four fractions, which represents the monthly production of litter per litter trap. The annual production of litterfall was obtained through the sum of the monthly production of the collectors and was recorded in Mg ha The mean accumulat years of re ANOVA n
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Discussion
Litterfall production was significantly influenced by the time of regenaration (p < 0.01), where considerably lower litterfall was observed in 15 years old stand compared to 30 and 50 years old stands (Figure 2 ).
The low tree density can be the reason of the low productions in the young stands (Table 1) . Almeida et al. (2015) affirm that areas with low tree density have simpler vertical and horizontal vegetation structure, influencing ecosystem processes such as litter production. The higher litterfall in the 50 years regeneration stand compared to the others stand has corroborated our hypotheses that higher litterfall would be observed in the older stand due to their higher biomass and closed canopy.
The litterfall fractions distribution pattern at the 30-year stand was similar to that found by Alves et al. (2006) and Andrade et al. (2008) The leaves contribution for the litterfall in the stands are close to the production average found in dry tropical forest environments. Martínez-Yrízar (1995) indicates that the leaf litter contributes typically around 70% of the total for dry tropical forests.
The leaf litter contributions range between 56.16 and 80.62% in Caatinga forest in different preservation levels (Alves et al., 2006; Souto, 2006; Costa et al., 2007; Andrade et al., 2008; Lopes et al., 2009; Santana & Souto, 2011) .
The highest deposition (0.27 Mg ha -1
) was in the 30 years stand, where it was the second largest contribution in the total litter. In younger regeneration areas, tree vegetation is distributed more widely with large gaps between the shrubs, which facilitates wind movement. The mechanical action of these air masses together with the rain on the dry structures favors the deposition of the branches and twigs (Almeida et al., 2015) .
Regarding the reproductive structures, we verified that this fraction was the second largest deposited in the 15 and 50 years stands. However, there was a significant difference between the stands with the highest litter production of this fraction in the older stand. This low production of reproductive structures in the younger stands can be explained by the floristic composition of these areas. In the younger stands, there is the predominance of pioneer species characterized by lighter and smaller fruits and seeds, such as marmeleiro and jurema preta, which, despite high yields, do not present a significant mass, as is the case with the fruits of the pereiro species, common in older stand, a fact confirmed during the litter screening.
Considerable seasonality in litterfall was demonstrated for all stands ages under study. The leaves showed a dinamic of production over the months similar to the total production. The branches and twigs fraction do not have a defined phenological pattern capable of being related to biotic and abiotic factors that can characterize the vegetation (Leitão-Filho et al., 1993) . This fraction was the most variable with coefficient of variation higher than 40%.
The reproductive structures dry mass production were higher in wet season in all stands. Similar results were obtained by Souto (2006) and Santana and Souto (2011) . These authors affirm that practically the entire cycle of flowering and fruiting of the caatingas's species occurs after the beginning of the rainy season.
The others fraction showed low production during the dry season in all stands. Souto (2006) explains that the greatest food supply for insects and birds occurs in the rainy season, which may contribute to a greater deposition of parts of dead insects and waste, the main components of this fraction. Although the fraction is less abundant, the components of this fraction are rich in nutrients and energy and, associated with the high degree of fragmentation, may be a more accessible source for decomposers (Proctor, 1987) .
The values of K obtained in the 15 and 30 years old stands show that on the soil a litter quantity is maintained higher than the amount that is produced annually by the vegetation, indicating, therefore, that the utilization of the litter is relatively slow when compared to the 50 years old stand.
In Caatinga studies, the K values range between 0.71 and 1.25. The values greater than 1.00 are obtained in preserved Caatinga areas (Souto, 2006; Lopes et al., 2009 ). We stressed that the studies mentioned above were carried out in preserved areas of the Caatinga, in contrast to the remarkable anthropic intervention observed in the present study, which reflects in the variation of the K value between the areas, indicating that the stage with less intervention the utilization dynamics of the litter is slightly higher. Golley et al. (1978) affirm that in tropical forests the values of K are generally greater than 1.0 year -1 , while Andrade (1997) Vol. 11, No. 13; 2019 renewal of the material that compiles the litter is longer in temperate forests. However, Santana (2005) observed that there is considerable variability between values ranging from 1.1 to 3.3 year -1 in tropical forests and 0.4 to 1.4 year -1 in temperate forests.
The time required for the decomposition of 50% and 95% of the litter in the studied areas indicate that the decomposition is faster in the older stands. Consequently, a fast reutilization of nutrients by the vegetation in this stands. Lopes et al. (2009) obtained slower rate of decomposition, the times required for decomposition of 50% and 95% were, respectively, 358 days and 1,544 days, which is similar to the values found in the 15 years stand. Souto (2006) verified values close to those obtained in the 50 years old stand, 229.9 days for decomposition of 50% and 996.4 days of 95% in a preserved fragment of Caatinga, which may indicate that the 50 years old stand already has a high degree of recovery of ecosystem processes.
It was concluded that the deposition of the litter showed seasonal characteristics independent of the age of regeneration of the caatinga forest. The largest contribution in the deposited material corresponded to the leaves fraction in all stands age, which shows that leaf litter production is an efficient indicator of the stage of degradation in a caatinga environment.
There was higher litter production and accumulation in the older stands. The older stands presented faster litter decomposition and renew, which evidences a better utilization of litter in the nutrient cycling process and the incorporation of organic matter into the soil. These results show that litter processes are efficient indicators of the stage of degradation in a caatinga ecosystem.
